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We, Rhone-Poulenc S.A. a French Body 
Corporate of 22, Avernie Montaigne, Paris, 
France, do hereby .declare the invention for 
which we pray that a patent may be granted 
to us and the method by which it is" to be 
performed, to be particularly described in and 
by the following statement; — 

This invention relates to the preparation 
of cycloalkane and cycloalkene carboxylic acids 
and their esters. 

According to the present invention, cyclo- 
alkane and cycloalkene carboxylic acids and 
their esters of the formula: 



COOR 



wherein Y and Z are each hydrogen or to- 
gether represent a single bond, R is hydrogen 
or lower aikyl, and A is an alkylene radical 
containing more than three carbon atoms be- 
tween the two indicated valence bonds, are 
prepared by a process which comprises re- 
acting a sulphonic ester of the formula : 



CO 



25 



CHOSO^^B 



II 



wherein X represents hydrogen or halogen and 
B represents a hydrocarbon radical, with an 
alkali ^ metal hydroxide or alkoxide in an 
organic or aqueous organic medium. 
[Price 4s. 6d.] 



In formulae I and II, A preferably repre- 
sents a polymethylene radical — (CHs)^ — y 
opiionally substituted by one or more lower 
alkyl, especially methyl, radicals, n being an 30 
integer higher than 3, preferably 5 to 16, and 
B preferably represents a lower alkyl radical 
or a mononuclear aryl radical, especially 
phenyl or (lower alkyl)phenyl. By "loweralkyl 
radicals " is meant herein alkyl radicals having 35 
at most 4 carbon atoms: i.e. methyl, ethyl, 
propyl or butyl. 

Some of the compounds of formula I have 
heretofore been prepared by the action of 
alkaline agents (e.g., alkali metal hydroxides or 40 
alkoxides in aqueous, organic or aqueous- 
organic media) on ^s-halogenated or ar,<E^-di- 
haiogenated cycloalkanones (the halogen sub- 
stituents being on ring carbon atoms) them- 
selves obtained by the direct halogenation of 45 
cycloalkanones. 

In the process of the Invention two mole- 
cular proportions of the alkali metal hydroxide 
or alkoxide are used up when X is halogen, 
and an unsaturated product in which Y and 50 
Z together represent a single bond is obtained. 
On the od'ier hand, v/hsn X is hydrogen, only 
one molecular proportion of the alkali metal 
hydroxide or alkoxide is used up, and a pro- 
duct in v/hich Y and Z are both hydrogen is 55 
obtained. 

The compounds of formula II where X is 
halogen are obtained from those where X is 
hydrogen by treatment with a halogen or a 
halogenation agent. 59 

In the aliphatic series the treatment of 
(toluene- /?-sulphonyloxy)-ketones with alkali 
metal alkoxides gives «-diketones (see Organic 
Reactions, Vol.11, p. 285), and no esters of 
alkanoic acids are formed. It is also known that 65 
the treatment of toluene-/)-sulphonyloxy-6- 
isophorone with sodium methoxide in solution 
in methanol gives methyl trimetfaylcyclopentene 
carboxylate [A.W. Fort, J. Amer. Chem. Soc., 
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p. 2627 (1962)]a but the yields are low and 
a considerable quantity of methoxyisophorone 
is simultaneously formed. 

It was therefore imexpected that the action 

5 of alkali metal hydroxides or alkoxides on 
sulphonic esters of 2-hydroxycycloalkanones 
containing more than 6 carbon atoms in the 
ring, and on their <K-halogenated derivatives 
would give rise in good yields to cycloalkane- 

10 and cycloalfcene-carboxylic acids and their 
esters containing one carbon atom less in their 
rings than the initial sulphonic esters. 

As the sulphonic ester of formula II it is 
generally most convenient to use methane- 

15 sulphonic (or mesyl) or toluene-/)-sulphonic 
(or tosyl) esters. 

As alkali metal hydroxide or alkoxide, it is 
preferred to use the hydroxides and alkoxides 
of sodium or potassium. When the operation 

20 is carried out with an alkali metal hydroxide, 
the reaction medium is preferably a lower 
alkanol, for example methanol, ethanol, pro- 
panol or butanol, either in anhydrous form or 
mixed with water. It is also possible to use 

25 other homogeneous aqueous organic mixtures 
such as mixtures of water and dioxan. The 
product of the reaction is an alkali metal salt 
of a carboxylic acid of formula I, from which 
tlie free acid may be liberated by the addition 

30 of a mineral acid such as hydrochloric acid. 
It is preferred to use a molar ratio of alkali 
metal hydroxide to sulphonic ester of 
4 — 8:1^ especially 6:1, and it is especially 
convenient to use solutions of potassium 

35 hydroxide in absolute ethyl alcohol in a con- 
centration of 10% by weight. The reaction, 
which is conveniently carried out with heating 
under reflux, last several hours, on average 
from 3 to 6 hours. When it is complete^ the 

40 excess alcohol is removed, the product is taken 
up with water and acidified with a mineral 
acid, and the oily cycloalkane- or cyclo-alkene- 
carboxylic acid is extracted with an appropri- 
ate organic solvent^ for example diethyl ether. 

45 The solvent is then evaporated to isolate the 
acid. These operations do not give rise to any 
difficulty and are carried out by the conven- 
tional methods. 

When an alkali metal alkoxide is used in 

50 the process of the invention, the reaction 
medium may be an anhydrous lower alkanol, 
i.e. methanol, ethanol, propanol or butanol, but 
is preferably the alcohol corresponding to the 
alkoxide employed or a non-polar organic 

55 liquid, for example a saturated liquid aliphatic 
or cycloaliphatic hydrocarbon such as heptane, 
cyclohexane or methylcyclohexane, or a mono- 
nuclear aromatic hydrocarbon such as, for ex- 
ample, benzene or toluene, or miictures of these 

60 solvents, more especially mixtures of alcohol 
and aromatic hydrocarbon. The product of the 
reaction is an ester of formula I which can be 
separated by the application of appropriate 
known methods. 

65 The acids of formula I may be converted 



into the corresponding esters by the application 
of the known methods of esterification. Alter- 
natively, the esters of formula I may be con- 
verted into the corresponding acids by saponi- 
fication using the usual methods of saponifying 70 
carboxylic acid esters. 

When the cycloalkene-carboxylic acids of 
formula I exist in stable isomeric forms, treat- 
ment of the compound of formula II mxh 
an alkali metal hydroxide in organic or aqueous 75 
organic medium leads to one of these forms, 
wMle treatment with an alkali metal alkoxide 
in a non-polar organic medium followed by 
saponification with an alkali metal hydroxide 
leads to the other. so 

The sulphonic esters of formula II may be 
prepared from the corresponding Z-hydroxy- 
cycloalkanones (or acyloins), which may in 
turn be obtained in various ways, e.g. by 
treating esters of aliphatic a^oj-dicarboxylic 85 
acids with a molten alkali metal in an inert 
organic solvent [Stoli, Helv. Chim. Acta SO, 
1820 (1947)]. These acyloins are also formed 
as by-products when cycloalkane-carboxylic 
acids are prepared by the reaction of alkaline 90 
agents with <v-halogenated cycloalkanones (see 
Faworskii, Organic Reactions 11^ 292 — 301). 
In this case, the process of the invention con- 
stitutes a means of utilising the acyloins formed 
as by-produas in the preparation of cyclo- 95 
alkane-carboxylic acids. 

The sulphonic esters of formula II may be 
made by reacting an acyloin, obtained as just 
stated, with either a sulphonic acid or a sul- 
phonic acid chloride, for example tosyl chloride 100 
or mesyl chloride. The reaction is carried out 
by treating 1 mol of die acyloin with 1.5 to 
2,5 mols of acid chloride, in basic anhydrous 
organic solvent which is inert under the operat- 
ing conditions, e.g. pyridine. This esterification 105 
is effected in very good yield at ambient tem- 
perature (about 20^C.). The keto-ester formed 
may be extracted from the reaction product 
with a solvent such as benzene. The tosyiates 
and mesylates obtained after elimination of no 
the extraction solvent are solid crystalline pro- 
ducts which can be purified by recrystallisa- 
tion from various organic solvents, e.g. diethyl 
ether and petroleum ether. 

The halo-esters of formula II may be pre- 115 
pared by reacting the corresponding tmsubsti- 
tuted keto-esters with a halogen, preferably 
bromine, in equimolecular quantities, the 
operation being preferably carried out in an 
organic solvent medium which is inert imder 120 
the operating conditions, e.g. a mononuclear 
aromatic hydrocarbon (such as benzene or 
toluene) or a halogenoalkane such as carbon 
tetrachloride. There is thus obtained a mixture 
of isomeric monohalogenated derivatives, of 125 
which the only useftil one is that which con- 
forms to formula II, which is however formed 
in a preponderant quantity. It is separated 
from the reaction product, after washing with 
water and evaporation of the solvent^ by ex- 130 
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traction with petroleum ether or a mixture of 
petroleum ether and diethyl ether (50/50), 
and is then purified by recrystallisation from 
one of these solvents. 

5 The acids of formula I may be used as 
starting materials in organic syntheses^ notably 
in the preparation of esters. Some of i^ese 
acids and some of their esters with lower 
alkanols are known. Esters such as methyl 

10 cyclopentadecane carboxylate and methyl 
cycloundecane carboxylate possess very char- 
acteristic odours and may be used in per- 
fumery. Others are choleretic agents and may 
be used in therapeutics. 

15 The following Examples illustrate the in- 
vention. 

Example 1 
In a 500-cc. spherical flask provided with a 
reflux condenser, 20.5 g, of 2-oxocyclohexa- 

20 decyl tosylate are dissolved in 50 cc. of ethanol^ 
and a solution of 16.8 g. of potassium 
hydroxide in 200 cc. of ethanol is added. The 
mixture is heated under reflux for 5 hours 
and the ethanol is then driven ojff and replaced 

25 by 200 cc. of water. After es^aion of neutral 
products with 2 x 250 cc. of diethyl ether, 
the aqueous fraction is acidified by the addition 
of 50% hydrochloric acid, and the oily phase 
formed is extracted with 2 x 250 cc. of 

30 diethyl ether. This ethereal fraction leaves, 
after drying over anhydrous sodium sulphate 
f ollowed by elimination of the ether, a crystal- 
line residue weighing 10.5 g., m.p. 52 — 54^C,y 
which is identified by chemical and infra-red 

35 spectrographical analysis as cyclopentadecane- 
carboxylic acid (yield 84%). 

This acid is a new produa. On esterification 
with methanol is the presence of sulphuric acid, 
it gives methyl cyclopentadecane-carboxylate, 

40 b.p. 156— 159^C. 1 mm.Hg. This ester has a 
woody odour and can be used in perfumery. 

The sulphonic ester employed as starting 
material was prepared in the following way. 
Into a 250-cc. spherical flask are introduced 

45 25.1 g. of cycIohexadecan-2-ol-l-one (prepared 
by the process described by Stoll Helv. Chim. 
Acta 30, 1820 (1947)) in solution in 15 cc. of 
anhydrous pyridine. There are added 37.7 g. 
of toluene-z^-sulphonyl chloride in solution in 

50 75 g, of pyridine, and the flask is then purged 
with nitrogen and left at ambient temperature 
for 15 hours. The product is neutralised with 
50% hydrochloric acid with cooling. The re- 
action mass is treated with 3 x 150 cc. of ben- 

55 zene and the benzene phase is separated. After 
elimination of the benzene in vacua, there is 
obtained a solid residue which, on recrystallisa- 
tion from 125 cc. of petroleum ether and then 
from 150 cc. of methanol and drying at 

60 ambient temperature in vacuo' (0.5 mm.Hg.), 
gives 26.5 g. of product melting at 64^C., 
which is identified by chemical analysis and 
its infra-red spectrum as 2-oxocyclohexadecvl 
tosylate (yield 65%). 



Example 2 65 
30.2 g. of 2-oxycyclododecyl tosylate are 
dissolved in 100 cc. of ethanol, 27 g. of potas- 
sium hydroxide in solution in 300 cc. of 
ethanol are added to this solution and the 
mixture is heated under reflux for 3 hours. 70 
After acidification of the reaction mass, fol- 
lowed by extraction with diethyl ether as in 
the preceding Example, there are obtained 
10.5 g. of cycloundecane-carboxylic add hav- 
ing a boiling point of 118*^C. 0.06 mm.Ife 75 
(yield 70%). ^ 
The sulphonic ester employed as starting 
material was prepared from 2-hydroxycyclo- 
dodecanone obtained as by-product, in a yield 
of 30%, in the preparation of cycloundecane- 80 
carboxylic acid from 2-bromocyclododecanone 
by the process described in Specification No. 
915,220. 

In a 250-cc. spherical flasJ^ 19.8 g. (0.1 mol) 
of 2-hydroxycyclododecanone are dissolved 85 
in 120 cc. of pyridine, 0.2 mol of tosyl chloride 
is added, and the reaction mass is allowed to 
stand for 18 hours under a nitrogen atmos- 
phere. By thereafter treating the reaction mass 
under the same conditions as in the preceding 90 
Example, there are obtained 30.2 g. of 2-oxo- 
cyclododecyl tosylate, m.p. 114*^C, fvield 
86%). ^ 

Example 3 

By proceeding as in Example 2, but replac- 95 
ing tosyl chloride by an equivalent quantity of 
mesyl chloride, there are obtained from 15 
g. of 2-hydroxycyclododecanone 13 g. of 2- 
mesyloxy-cyclododecanone, m.p. 108°C. (yield 
62%), which on alkaline treatment gives 6.5 100 
g. of cycioundecanecarboxylic acid (yield 
71%). 

Example 4 

Into a spherical flask are charged 23.5 g. 
of 2-bromo-12-tosyloxy-cyclododecanone5 50 105 
cc. of ethanol and a solution of 16.8 g. of 
potassium hydroxide in 200 cc. of ethanol. 
The procedure described in Example 1 is then 
followed, and there are obtained 9.5 g. of 
crystalline product identified as cycloundec- no 
1-ene carboxylic acid, m.p. 138 — 139°C. 
(yield 88;%). 

The initial bromo ester was prepared in 
the following manner. Into a 1-litre spherical 
flask provided with a reflux condenser and a 115 
dropping funnel containing 16.75 g. of bromine 
(0.104 mol), are introduced 36.6 g. (0.104 
mol) of 2-oxocyclododecyl tosylate, prepared 
as described in the preceding Example, and 
300 cc. of benzene. The mixture is heated 120 
under reflux until it is completely dissolved, 
and a few drops of bromine are then run 
in. As soon as decolouration occurs, the heat- 
ing is stopped and the whole of the bromine 
is slowly added^ the mixture being allowed to 125 
cool to normal temperature. As soon as the 
addition has been completed, the product is 
washed with water and dried over anhydrous 
sodium sulphate and the benzene is driven 
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off by evaporation. On taking up in petroleum 
ether and recrystallisation, there are obtained 
23.5 g. of 2-brorno-12-tosyloxy-cyclododecan- 
one, m.p. 158^C. (yield 52%). 

5 Example 5 

To a 100-cc. spherical flask provided vnth 
a reflux condenser and containing a solution 
of 6.2 g. of potassium hydroxide and 65 cc. 
of ethyl alcohol heated at the reflux tempera- 

10 ture are added in portions 6.6 g. of 2-tosyloxy 
cydodecanone. The mixture is refiuxed for 16 
hours. The alcohol is then eliminated, water 
is added and the reaction mass is extracted 
with 2 X 100 cc. of diethyl ether. The aqueous 

15 fraction is then acidified with 20 cc. of con- 
centrated aqueous hydrochloric acid, and the 
product is extracted with 3 x 100 cc. of di- 
ethyl ether, and the extracts washed to neutral- 
ity with water and dried over sodium sulphate. 

20 After elimination of the ether, there remain 
2.9 g. of an orange oil, which is cyclononane- 
carboxylic acid (yield 84.5%). 

The 2-tosyloxy-cyclodecanone was prepared 
in the following manner. To a 250-cc. diree- 

25 necked spherical flask containing 8.5 g. of 
cycIodecan-2-ol-l-one and 20 cc. of anhydrous 
pyridine, maintained at a temperature of 
5 — lO^Q, is slowly added a solution of 19 
g. of tosyl chloride in 100 cc. of pyridine, and 

30 the reaction is allowed to continue for 12 
hours at ambient temperatiure. The reaction 
mass is then acidified by the slow addition of 
150 cc. of concentrated hydrochloric acid, care 
being taken to maintain the temperature in 

35 die neighbourhood of lO^C. by vigorous cool- 
ing. The product is extracted with 3 x 100 
cc. of benzene and the combined benzene ex- 
tracts are washed with water until they are 
neutral, and then dried over anhydrous sodium 

40 sulphate. By evaporation of the benzene in 
vacito, there are obmined 11.1 g. of a residue 
which, when recrystallised from 40 cc. of 
petroleum ether and dried, give 6.6 g. of a 
crystalline product in the form of fine flakes 

45 melting at %A — 85^C., identified as 2-tosyloxy- 
cyclodecanone (yield 40%). 

Example 6 
By proceeding as in the preceding Example, 
starting with 4.6 g. of 2-mesyloxy-cyclode- 

50 canone, there are obtained 2.55 g. of cyclo- 
nonane-carboxylic acid (yield^ 82%) in the 
form of an orange-coloured oil. The startmg 
ester is obtained from 11.5 g. of methane- 
sulphonyi chloride and 8.5 g. of cyclodecan-2- 

55 ol-l-one in the presence of pyridine, the opera- 
tion being carried out as in the case of the 2- 
tosyloxy-cyclodecanone of the preceding Ex- 
ample. 

Example 7 

60 14.8 g. of 2-tosyloxy-cycIooctanone (m.p. 
56_58oC.) are dissolved in 50 cc. of ethanol 
and the solution is heated under reflux for 5 
hours with a solution of 16.8 g. of potassium 



hydroxide in 200 cc, of ethanol. By treating 
the reaction mass as in Example 1, there^ are 65 
separated 4.4 g. of an oil having a boiling 
point of 130— 132^C. 20 mm.Hg which is 
cycloheptanecarboxylic acid, identified by 
gravimetric analysis and infra-red speaography 
(yield 61.5%). . . ^. 

The starting sulphonic ester is prepared by 
tiie action of tosyl chloride in pyridine medium, 
as described in Example 1, on 17.4 g. of cyclo- 
octan-2-ol-i-one, prepared from methyl octane- 
dioate according to the method of Cope (J. 75 
Amen Chem. Soc, 74 5886 (1952)). 

Example 8 

In a 250-cc. spherical flask, 1.5 g. of 
metallic sodium is dissolved in 10 cc. of an- 
hydrous methanol, and the untreated methanol 80 
is evaporated. There are then added 80 cc. 
of benzene and a solution of 17.6 g. of 2-oxo- 
cyclododccyl tosylate (prepared as in Example 
2) in 50 cc. of benzene. The product is heated 
under reflux for 20 hours and washed with 85 
water to eliminate the sodium tosylate. On 
evaporation of the benzene, there are obtained 
9.5 g. of an oil which, on fractional dis- 
tillation in vacuo, gives 6.5 g. of a fraction, 
b.p. 80^ — 86^C./0.7 mm.Hg identified by 90 
gravimetric analysis and saponification number 
as methyl cycloundecane-carboxyiate, b.p. 
266°C./760 mm.Hg ni>-' = 1,4720, which has 
a persistent^ pleasant, fruity and woody odour 
and can be used in perfumery. ^ 95 

By proceeding in the same way, but reacting 
ethanol instead of methanol with metallic 
sodium, there was prepared ethyl cyclounde- 
canecarboxylate, b.p. 84°— 86°C./0.5 mm.Hg 
which has an odour similar to that of the 100 
methyl ester, and can also be used in per- 
fumery. 

Example 9 
In a 500-cc. spherical flask, 7 g. of metallic 
sodium are dissolved in 20 cc. of methanol, 105 
the excess of methanol is evaporated and the 
product is then taken up in 150 cc. of benzene. 
There are then added 54.5 g. of 2-bromo-12- 
tosyioxy-cyclododecanone (prepared as in Ex- 
ample 4) in solution in 100 cc. of benzene. 110 
The product is maintained under reflux for 
20 hours, washed with water to eliminate the 
sodium tosylate formed in the reaction, and 
concentrated by distillation in vacuo. There 
is then isolated by fractional distillation a 115 
fraction weighing 26 g. which distils at 
77_78oc./25 mm.Hg. This fraction^ which 
has a woody and rosy odour, is identified by 
gravimetric analysis and infra-red spectro- 
graphy as methyl cycloundecenecarboxylate. 120 

Example 10 
A solution of methyl cycloundecene-carboxy- 
late in benzene is prepared by proceeding as 
in Example 9. The benzene is then eliminated 
by distillation, 150 cc. of methanol and 10 g. 125 
of sodium hydroxide in solution in 100 cc. of 
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water are added, and the mixture is heated 
under reflux to saponify the methyl ester. The 
reaction mass is then worked up as described 
in Example 4 and there are obtained 24 g. 
5 of a cycloundecene-carboxylic acid, m.p. 
117*^C., which is an isomer of the acid obtained 
in Example 4. 

WHAT WE CLAIM IS: — 
1, Process for the preparation of cyclo- 
10 alkane and cycloalkene carboxylic acids and 
their esters of the formula: 




CGOR 



wherem Y and Z are each hydrogen or to- 
gether represent a single bond, R is hydrogen 
15 or lower alkyl, and A is an alkylene radical 
containing more than three carbon atoms be- 
tween the two indicated valence bonds, which 
comprises reacting a sulphonic ester of the 
formula: 



20 




wherein X represents hydrogen or halogen and 
B represents a hydrocarbon radical, with an 
alkali metal hydroxide or alkoxide in an 
organic or aqueous organic medium. 

2. Process according to claim 1 in which 
25 A is — ^(CHo)^!— , where n is 5 to 16. 

3. Process according to claim 1 or 2 in 
which R is hydrogen and the sulphonic ester is 



reacted with an alkali metal hydroxide in a 
lower alkanol. 

4. Process according to claim 1 or 2 in 30 
which R is lower alkyl and the sulphonic ester 

is reacted with an alkali metal alkoxide in an 
anhydrous organic medium. 

5. Process according to any of claims 1 

to 4 in which B is lower alkyl, phenyl, or 35 
(lower alkyl)phenyl. 

6. Process according to any of claims 1 
to 5 in which the molar ratio of alkali metal 
hydroxide or alkoxide to sulphonic ester is 
4—8:1. 40 

7- Process according to any of claims 1 to 
6 comprising the additional step of esterifying 
a product in which R is hydrogen, or saponify- 
ing a product in which R is lower alkyl to 
produce an ester or acid respectively. 45 

8. Process according to claim 1 substantially 
as described in any one of the Examples. 

9. Cycloalkane and cycloalkene carboxylic 
acids and their esters of the formula: 




50 



where Y, Z, R and A are as defined in 
claim 1, when produced by the process claimed 
in any of the preceding claims. 

10. Cyclopentadecane carboxylic acid and 
its lower alkyl esters. 

11. Methyl cyclopentadecane carboxylate. 

J. A. KEMP & CO., 
Chartered Patent Agents^ 
14 South Square, Gray's Inn, 
London, W.C.I. 
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